Abstract: This short review covers our contribution in the field of the application of group 6 Fischer carbene complexes toward the synthesis of heterocyclic compounds. 
INTRODUCTION
Group 6 Fischer carbene complexes have become valuable building blocks for the construction of organic molecules [1] . In particular, these organometallic compounds offer the opportunity to access carbocyclic and heterocyclic rings not easily available through conventional routes. Some recent results are herein presented, within the framework of our studies dealing with the application of Fischer carbene complexes to the synthesis of heterocyclic compounds. These examples clearly demonstrate the potential of transition-metal carbene complexes in the stereoselective synthesis of normal and mediumsized heterocycles.
RESULTS AND DISCUSSION

Synthesis of nitrogen-containing heterocycles [3+2] Cycloadditions
We have widely used chiral, nonracemic carbene complexes derived from (-)-8-phenylmenthol in diastereoselective processes. For instance, the one-pot procedure, shown in Scheme 1, represents an expeditious, highly diastereoselective route to 4,5-dihydro-1H-pyrazole esters [2] . Thus, the consecutive reaction of chiral alkenyl carbene complexes with diazomethane derivatives in THF at room temperature for 2-12 h, followed by BOC protection and subsequent oxidation of the metal-carbon double bond leads to the corresponding pyrazole derivatives as single diasteroisomers in yields ranging between 55 and 79 %. It is interesting to compare these results to those obtained from the analogous reaction using the chiral trans-cinnamate as starting material. In this case, the reaction requires higher temperatures and longer reaction times to obtain the pyrazole derivatives with much poorer diastereoselectivity (dr = 60/40).
A particular synthetic utility of the reaction sequence above described is clearly demonstrated by the transformation of the 2,3-dihydro-1,2-benzisoxazoles into p-aminophenols (Scheme 2). The isoxazole ring is reductively cleaved by reaction with Raney nickel in methanol under a hydrogen atmosphere to provide the corresponding polysubstituted aminophenols in almost quantitative yield.
[4+2] Cycloadditions Alkynyl Fischer carbene complexes are excellent dienophile partners in the classic Diels-Alder reaction. Thus, they react with 2-azadienes to afford, after column chromatography, the corresponding pyridone derivatives in high yield (Scheme 3) [4] . Moreover, when the (phenylethynyl)carbene complex is used as starting material, a double cyclization process takes place, resulting in the stereoselective formation of the 2-azafluorene ring in good yields. This transformation likely involves a selective electrocyclic ring closure of the [4+2] cycloadduct leading to a new metallacycle, which after a suprafacial [1, 5] -hydrogen shift and reductive elimination, gives the final 2-azafluorene. We also found that the metal carbene-substituted alkynes are much more reactive toward azadienes than the acetylenic ester analogs, since the attempted cycloaddition between methyl phenylpropionate and an azadiene of this sort in refluxing toluene for seven days resulted in the recovery of the starting materials.
In a similar way, 1-azadienes react with tungsten Fischer alkynyl carbene complexes to regioselectively afford 1,4-dihydropyridines (Scheme 4) [5] . The reaction initiates through a Michael addition of the nitrogen lone pair to the conjugated triple bond of the complex with the formation of an allenic intermediate [5] . This reaction pathway was confirmed by an NMR experiment in THF-d 8 at −50 °C. Under these conditions, the allenic intermediate could be unequivocally characterized by its spectroscopic data (δ C=C=C : 189, 162, 106 ppm). Furthermore, when the reaction was carried out at 80 °C in THF and starting from (phenylethynyl)carbene complex, the corresponding fluorene was obtained (Scheme 4).
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Fischer carbene complexes 1319 A chiral version of this [4+3] heterocyclization was achieved using chiral, nonracemic carbene complexes derived from menthol and oximes as depicted in Scheme 6 [6] . This reaction requires the use of one equivalent of another simple carbene complex in order to remove the oxygen of the oxime functionality at some point during the reaction process. Significantly, the major diastereoisomer crystallizes readily from methanol, allowing the isolation of the azepine in enantiomerically pure form.
The chiral azepines are easily transformed into the corresponding formyl esters by treatment with 3M HCl. Thus, the entire protocol formally represents the enantioselective Michael addition of ester homoenolates to α,β-unsaturated aldehydes, in which two chiral centers are created [6] . Finally, the chiral auxiliary is removed by reducion with LiAlH 4 to give a chiral diol in very high yield (Scheme 7).
Unexpectedly, chromium Fischer alkynyl carbene complexes react with simple 1-azadienes in the same way as the 4-amino-1-azadienes leading to 2-azepinones after acid workup [7] . Interestingly, we were able to crystallize the metallated zwiterionic intermediate shown in Scheme 8 and determine unambiguously its structure by X-ray analysis.
Taking into account the studies described above, we devised a method for obtaining eight-membered carbocycles following the sequence of reactions shown in Scheme 12 [11] . Thus, the 1,4-addition of a chiral ketone enolate to an alkenyl Fischer carbene complex gives rise to a new carbene complex as a single diastereoisomer. Further reaction with allyllithium diastereoselectively leads to a cyclic carbene. Warming of this complex in THF at 90 °C resulted in the intramolecular cyclopropanation of the allylic moiety to afford the corresponding tetracyclic compound as a single diastereoisomer. Finally, treatment of the cyclopropyl derivative with hydrochloric acid in acetone gives the eight-membered hemiketal as a single stereoisomer (98 % ee).
Attracted by the possibility of performing all of the reactions described above following a "onepot" procedure, we carried out all the sequences without the isolation of any intermediate as depicted in Scheme 13. As a result, this strategy was much more efficient (76 % yield) than the multistep process (37 % overall yield). The structure of the final eight-membered carbocycle was unequivocally determined by X-ray structure analysis (Scheme 13).
